Abstract
Introduction

21
Similar to other engineering courses, Chemical and Process Engineering at the University of 22
Strathclyde has seen an environmental shift in recent years towards a balance in gender population. 23 While a completely balanced population does not exist at present, there has been a significant move 24 toward more equal balance from the heavily men-dominated composition at the start of the 25 millennium. There is a growing interest in diversity, both as a result of the growing number of minority 26 personnel (including women) within the workplace [1] and the move for organisations to utilise the 27 varied skill sets and backgrounds offered by their workforce [2] . Researchers have previously found 28 gender diversity to produce a variety of effects of on group performance, including reduced cognitive 29 task performance as a result of gender heterogeniety [3, 4] , improved same-gender support [5] and 30 impaired men-women support [6] . Conversely other researchers have reported no such effects [7] . 31 As a result of the gender shift in the Department, this paper aims to fill a gap in the literature, by 32 providing an account of the experience of women students within group activities, in an environment 33 that was previously almost exclusively men. These activities are designed to develop group working 34 skills and to foster inclusion of all students, which is important for women engineers due to demands 35 that industry has set for its graduate level employees [8] . 36 The role of women in team activities has been evaluated as cooperative, as opposed to the 37 competitive nature associated with men students: this has, in turn, suggested that women students 38 are more suited to collaborative working than their male colleagues [9, 10] . Despite their natural 39 cooperation in group situations, it has also been reported that women students often face negative 40 attitudes from their men peers [11, 12] , and may be allocated group roles, such as secretarial tasks, 41 based on gender related assumptions. It is notable and encouraging, however, that University 42 teaching staff offer fair treatment to all students regardless of gender [11] [12] . The assignment of 43 office based tasks may result from women students' inherent feelings towards contributing to the 44 nurturing and people oriented areas of group dynamics [11] . It has also been postulated that such 45 submissive behaviour may be related to the established but, more importantly, latent male dominance 46 evoked by the cultural system of reproduction [13] or instilled definition of role via gender associated 47
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Gender balance 111 Table 2 illustrates admissions trends to the chemical engineering BEng/MEng programmes at the 112 University of Strathclyde for the period 2003-2015. As these statistics illustrate there has been an 113 increase in the number and ratio of women students. Representation of women in the cohort was 114 21.6%, which is in line with previously reported demographics [12] , and a slight increase on the 115 historical average up to that time (19.4%) . 116
Cultural/social 117
As mentioned above, on the first day of lectures students were asked to complete a questionnaire, 118 which aimed to capture various pieces of socio-demographic information. One of the questions asked 119 the students if they have ever been involved in any form of extracurricular activities, without placing 120 significance on the type of activity. Out of the 120 students surveyed only 12 students had never 121 taken part in any activity additional to their studies. The remaining 90% responded that they were 122 involved in an extracurricular activity, with the vast majority of respondents listing multiple activities, 123 many of them with differing natures, such as a sport coupled with playing an instrument, and the 124 majority group based activities. This reveals that most students within the study took advantage of 125 opportunities to develop themselves beyond or outside of academia, and such prior experience is not 126 atypical of applicants to the Chemical Engineering courses at Strathclyde. A variety of implications 127 that can be drawn from this, however, in terms of inclusion, it illustrates that the majority of students 128 have been afforded the opportunity to engage with a social group outside of their family unit. 129 Arguably, they have been exposed to a variety of situations that, tethered together, have developed 130 an element of social capital. Indeed, this exposure to various forms of socio-cultural integration can 131 also be linked to finance, as these students had the financial means to participate. 132
Economics 133
The effects of economic factors were somewhat limited in this study as the students taking part attend 134 a Scottish University and the vast majority (> 98%) meet the Government's requirements to guarantee 135 a free five years' of education, with fees paid directly by the Student Awards Agency For Scotland. 136
However, this is not to devalue the importance of economic drivers as it is appreciated that these 137 factors had a great influence on how the places were filled. As Connell comments, 'Education is [46] . Hence students participating in this 142 study are, by their nature, participating at University, having successfully gained a place of study, 143 hence, their economic backgrounds were not examined in detail, although the authors do 144 acknowledge the demands of external commitments, such as part-time work, and that financial 145 matters can deduct from a student's time. However, all students are reminded during their time at 146
University of the need for a work-life balance and the maximum hours that should be undertaken in 147 external activities, whilst there is also significant student support for those suffering economic 148 hardship so as to reduce the burden on student time. 149
Formation of groups 150
In order to understand student interaction within groups, students from two classes were (1) Chemistry and Chemical Engineering, which has a much smaller intake (~25 versus ~100 for the 170 chemical engineering degrees), hence, it is seen as an important factor to encourage integration of 171 the two streams. 172
Groups consisted of exactly twelve students in ten groups for tutorial sessions in 'Basic Principles of 173
Chemical Engineering', where gender composition was randomised, simulating the unknown group 174 composition found in employment, as discussed above. Despite the random allocation, it is notable 175 that all groups contained between two and four women students. The 'Basic Principles of Chemical 176
Engineering' class also required students to work within a group environment in their 'Renewable 177
Energies' laboratory project, this time is groups of five (thereby giving 24 groups), of which eight were 178 composed purely of men students while the others contained between one and three women 179 students. Although this did create six groups with only one woman student, attempts to prevent 180 minority groups sets a false perception of future working environments, which the Department feels 181 should, in itself, be avoided. Workshop teams in 'Chemical Engineering: Fundamentals, Techniques 182
and Tools', analogous to the tutorial groups of the Basic Principles in Chemical Engineering' class, 183 consisted of five students per team for 24 teams, the random allocation giving rise to seven teams 184 with men students only, all other teams again containing between one and three women students. 185
Finally, students undertook a paper-based 'Frontiers in Chemical Engineering' research project in 186 'Chemical Engineering: Fundamentals, Techniques and Tools', working in 30 groups of four, creating 187 nine groups of only men students, all other groups containing between 1 and 3 women students. 188
These multiple groupings created a platform for discussion across a range of situations and 189
environments. 190
Each class employed student tutors of both genders, the principal lecturer for 'Basic Principles of 191
Chemical Engineering' was a woman while a man principally lectured 'Chemical Engineering: 192 Fundamentals, Techniques and Tools'. 193
Focus groups 194
Focus groups were selected, over interviews, as a method to allow students to voice their opinions as: 195 1) there was a specific theme emphasised, which could be explored more deeply; 2) there was more 196 than one session, to probe inclusion in group dynamics; 3) emphasis was placed on 'the ways in
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which certain individuals discuss a certain issue as members of a group, rather than simply as 198 individuals' [47] . 199
Mid-way through both semesters, focus groups were held to provide students with opportunities to 200 reflect and comment upon their trajectory of study and development. In the first semester, students 201
were provided with the option to attend a focus group of their choice. In the second semester the 202 focus group was integrated into the students' coursework and built into summative assessment, which 203 required students to attend the discussion within their defined workshop groups. It is also notable that 204 these project groups, used in the second semester, were encouraged to meet outside of the 205 timetabled sessions to undertake their project work. While this differs to the tutorial activities in 206 semester one, a parallel group work activity ('Frontiers in Chemical Engineering' project) did allow for 207 such socialisation aspects in semester one providing a basis for comparison. There was a difference 208 in the number of responses collected according to the grouping (Table 1) . 209
The focus groups proved to be a beneficial method of enquiry, as students were able to deconstruct 210 their experiences, while either challenging or agreeing with other students' perceptions. This 211 generated data that, in some cases, was unexpected about the first year experience and their 212 perceived meaning of it. As students explained their experiences, this led many to qualify or, in certain 213 cases, modify some of their classmates' responses. This element of challenge was highly important 214 as it arguably offers a more realistic and unbiased account. Overall it is also anticipated that this 215 method has allowed students to reflect on their experiences and develop a deeper awareness of their 216 role within group interactions. 217
Statistical evaluation of attainment 218
The marks awarded for group project activities ('Renewable Energies' and 'Frontiers in Chemical 219
Engineering') and final examination marks for both modules were treated as discrete variables and 220 were analysed by determining the arithmetic mean or average, ̅ , from a population of n samples, 221 where x i is the value of sample i: 222
̅ ∑
The standard deviation of x i , for sample i, from the mean ( ̅ ) was determined using:
Focus group outcomes
224
Belonging is a basic human need [48, 49] ; the desire to belong is encapsulated as a significant 225 element of the first year university experience. For many students their relational paradigm may have 226 shifted significantly due to relocating for their studies, moving away from family, friends, and/or 227 traditional roles in established peer and family groups. As a result, an increased importance is placed 228 upon new relationships that mainly evolve around aspects of the educational institution. This 229 transitional phase is also true for students not required to relocate, as their paradigm is still likely to 230 have undergone a transformation to accommodate the demands of their course. In either scenario, 231 students are likely to experience some element of struggle as they assume their new role. 232
During the focus groups with the students, many students of both genders clearly expressed that the 233 level of group interaction directly from the start of the semester was unexpected, but a pleasant 234 surprise: 235
Focus group moderator: Have you been surprised at the amount of group work required? 236
Matthew: Yeah you think that I am at Uni and I am going to have to work by myself… 237
Rachel: Especially at the start! 238
Matthew: Yeah, it helped get you into it. 239
Other groups of students, especially women students, were equally positive about the introduction of 240 group work early on: 241
Becky: It is a good way to meet people. 242
Maria: Yeah we have different people in every group. 243
Becky and Maria expressed sentiments similar to many of their fellow students in that the variety of 244 group work forced social interaction that may not have occurred otherwise. This also relates to the re-245 definition of students' social dimensions and stresses the importance that they place upon meeting 246 and interacting with others in the early stages of their degree.
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A few of the students also reflected on how group work served to help with their personal 248 development and overall sense of worth, specifically with regard to the work undertaken outside of 249 timetabled classes. [50] . 266
Despite the positive reactions from students, some groups' work continued to be more productive 267 than others' and, similarly, certain groups claimed that the experience was more rewarding than 268 others. Common issues for differences in group integration and progression are discussed below. 269
Disengagement 270
Engagement in the chemical engineering degrees occurs in two ways: (1) as an individual with the 271 course itself and (2) in myriad group activities with the assembled team. Defined as the 'process by 272 which individuals in an interaction start, maintain and end their perceived connection to one another'Page 11 [51] , engagement requires interaction from all team members for the second case considered here, 274 hence, disengagement by even one group member can affect the whole group. 275
Disengagement can manifest in a range of forms, e.g. individual disengagement, the domination of a 276 group by one or more members, or complete group breakdown as in a collection of individuals who do 277 not integrate or collaborate as team workers. Disengagement from groups by members presents a 278 major challenge and an on-going obstacle to groups reaching their full potential. During the study, two 279 principal explanations for disengagement from group work manifested in the majority of cases. Firstly, 280 the amount of previous experience that students had working with others was evident. The focus 281 groups served as an outlet to confirm these observations. This disengagement is not deemed as a 282 severe concern as it is a skill that is more innate for some and, ultimately, can be developed by 283
anyone. Students who experienced previous group work through school, sports, work or clubs 284 generally took more naturally to the task; although it is important to emphasise that simply having a 285 job, playing a sport or being a member of a club did not serve to automatically enhance one's ability to 286 function in a group. 287
Secondly, disengagement may also be related to the fact that some students struggled with the 288 concept of the ownership for learning through a group structure, which includes the domination of the 289 group to the potential exclusion of others, thereby enforcing disengagement. 290
Phillip: I know that I am a bit of a control freak, but I need to be. (Laughter) I just don't trust 291 the other members of my group to upload the work on time. I don't like to be this way, but I 292 feel I must be this way… 293
A related theme of interest that appeared from the focus groups was how the structure of the work 294
given to the students could either foster or diminish the incentive to work as a group. For example, if 295 the work could be easily sub-divided into equal or almost equal parts then students admitted to 296 splitting the work and working independently until it was necessary to submit the work as a unit, 297 circumventing the group process and the potential learning and skills development opportunities that it 298 affords. 299
Lucca: I don't really see what we did as group work. Is that bad to say…? Each person took 300
their part then when that was complete we spent a little bit of time putting all of our individual 301 parts together. I still don't think that it read as one report….
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There have been three previous conclusions offered from research into disengagement, however we 303 found these to be unfounded in our study. Firstly, according to Healey, some students find the 'active' 304 role to be quite difficult to fulfil and preferred to be passive learners [52] . It is possible that some first 305 year students might wish that they could go back to their 'passive' selves, as at school, and not be 306 responsible for their own learning. However, none of the students in the focus groups verbalised any 307 evidence of this. Secondly, diversity within group work may also be another factor in disengagement; 308 although, as in the case above, there is no direct evidence from our study to link to previous studies 309 that confirm this. As Harrison et al. argue, there are two types of diversity, 'surface level diversity', 310 which can include overt factors such as a person's age, gender, and ethnicity, and 'deep-level 311 diversity', which refers to differences in values, beliefs or attitudes [53] . During the focus groups, 312 students made no reference to gender or ethnicity. Age was referenced, although not in a negative 313 manner: while it showed that students were aware of the difference, they did not find that it deterred 314 from group work in any way. Finally, the inherent difference in status may 'impede communication 315
between high status and low status members' [53] . It is quite significant that this theme did not 316 emerge. In fact from the study there is evidence that students felt equality among their peers. The evidence from the focus groups suggests that the incoming first year students were at the top of 323 their year at school; however, after they entered University they felt no real advantage over other 324 students, which is reflected in the statements expressed by the students above. The equality, 325 perceived by students, at least before the first university marks were assigned, was something of a 326 struggle for those who linked their identity to their performance in school. Thus it was quite difficult as 327 they jockeyed for position among their new peers. 328
Jackie: Yeah, the days of being the best in each area are over. It is kinda strange to consider 329 being weak…or less knowledgeable in an area….
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Andrew: …the days of being top student are over! (Laughter and the consensus of other 331 students) 332
Gender differences 333
Peer interaction and socialisation are fundamental elements of any educational setting. Much of the 334 previous research in this area has been dedicated to studying the formation of masculine identities 335 and the pressure to adapt to specific gendered norms [54] [55] [56] . According to Swain, 'the boys' position 336 in the peer group is determined by an array of social, cultural, physical, intellectual and economic 337 resources that they are able to draw on' [57] . 338
The introduction of a higher number of women into this environment has consequences for all 339 participants. This was expressed during the focus groups by a number of men students as they 340 vocalised surprise at the number of women in the program. Some of the men students expressed that 341 there was equality within the groups with no gendered differences clearly apparent. Others expressed 342 that there were differences, but indicated that the differences were positive. 
